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reported intermittent pain. Pain in individual joints and joint rows
was signiﬁcantly associated with the severity of OA assessed by
all three methods. The strongest associations were seen for the
CMC1 joints and the interphalangeal joints of the second and
third ﬁngers. A receiver operating characteristic (ROC) curve
analysis on was performed for accuracy of the three methods
in predicting pain in three commonly affected joints on the right
side, DIP2, PIP3 and CMC1.
The analysis indicates that the three methods perform similarly
in predicting DIP joint pain, XRAY has the highest accuracy for
the prediction of pain in the PIP joint while CLIN and XRAY have
a similar accuracy for predicting pain in the CMC1 joint.
Table 1. Receiver operating characteristic statistics for the accuracy of predicting
pain in selected individual joints in females
PHOTO CLIN XRAY
AUC 95% CI AUC 95% CI AUC 95% CI
DIP 0.71 0.63–0.79* 0.71 0.62–0.79* 0.72 0.74–0.81*
PIP3 0.59 0.49–9.68# 0.61 0.51–0.7& 0.67 0.58–0.76*
CMC1 0.64 0.54–0.73* 0.79 0.72–0.87* 0.78 0.71–0.86*
*p<0.01; #p=0.06; &p=0.02.
Conclusions: Hand joint pain is relatively rare in elderly males
and shows no association with the severity of HOA. Hand joint
pain in females in this age group is much more prevalent and
shows a consistent relation to the severity of HOA in individual
joints and joint groups. This study indicates that hand photog-
raphy can be used to assess the severity of HOA but is less
accurate than radiographs in predicting pain, particularly in the
PIP joints.
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Purpose: To examine the relationship between cartilage score
from knee magnetic resonance images and concentrations of
serum cartilage oligomeric matrix protein (COMP), a measure
of cartilage degeneration, and aggrecan fetal epitope (CS846),
a measure of abnormal cartilage synthesis, in patients with OA
and anterior cruciate ligament injury.
Methods: MR images of 12 normal knees (mean age (SD)
49.12 (10.8) yrs), 12 OA knees (mean age (SD) 62.3 (8.5) yrs)
and 12 ACL damaged knees (mean age 48.2 (16.3) yrs) were
acquired with a 1.0 T pMRI system. The scanning protocol was
a T1 weighted 3D GRE with fat suppression (scan time approx.
15 minutes). Two radiologists graded the presence and severity
of MRI features of cartilage degeneration on a scale of 0 to 4
(0=normal, 1=signal change within normal cartilage thickness,
2=cartilage thinning < ½ thickness, 3=≥ ½ thickness, 4=no
cartilage present) in 6 different regions of the knee (medial and
lateral femur and tibia, patella, femoral trochlea) to a maximum
score of 24 (4x6). On the same day as the MR scans were
performed, serum samples were collected from the patients
and COMP and CS846 and were measured using Elisa assays
(AnaMar Medical & IBEX Technologies Inc.).
Results: Of 36 patients, 17 (47%) had cartilage scores ≥9 indi-
cating moderate cartilage degeneration. There was a signiﬁcant
relationship identiﬁed between levels of CS846 and cartilage
score as assessed through a regression analyses (r=0.457,
p=0.01,) as shown in Figure 1.
Figure 1. Serum CS846 vs Cartilage Score
Those with a greater degree of cartilage damage had higher
values of CS846 corresponding to higher levels of attempted
cartilage repair. No signiﬁcant relationship was found between
COMP and cartilage score (p=0.058).
Conclusions: In patients with and without knee OA symptoms,
cartilage degeneration visible on MR images appears to be sig-
niﬁcantly correlated with serum CS846 levels, but not correlated
with serum COMP levels. These results suggest that higher
scores are associated with higher levels of CS846 reﬂecting ab-
normal cartilage synthesis. The lack of correlation with COMP
levels may reﬂect the fact that this score is a composite of the
number and severity of cartilage lesions. Thus, it is unknown
whether scores reﬂect more numerous lower level lesions or
fewer lesions which are more severe. It is possible that COMP
levels correlate with only one of these factors which may ex-
plain the disparity in results. It may be also be important to
perform subanalyses correlating individual regions of cartilage
degeneration with biomarkers separately. These analyses will be
performed in the future.
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Purpose: Rapid advances have been made in pulse sequences
and image segmentation development for measuring cartilage
morphology using MRI. These advances may lead to improve-
ments in the ability to quantify tissue loss over short time inter-
vals.The purpose of this analysis was to directly compare the
rate of disease progression (thinning of cartilage) using two pulse
sequence and image analysis approaches in knees with OA from
a subset of participants from the OAI.
Methods: Subjects included for this exploratory analysis repre-
sent a subset of the approximately 1400 participants from the
OAI Progression subcohort and are from OAI public use datasets
0.1.1, 0.B.1 and 1.B.1. All participants had both frequent symp-
toms and radiographic OA (ROA) in the same knee, based on
a screening reading done at the OAI clinics. The right knees
of 75 participants were studied, in which two MRI sequences
(DESSwe and FLASHwe at 3 Tesla) were obtained at baseline
C188 Poster Presentations
and at 12 months follow up in the same knee. One analysis
center (Virtualscopics) applied a semiautomated segmentation
algorithm to the sagittal DESSwe (0.7 mm slice thickness-every
other slice was used); at the other center (Chondrometrics) the
cartilage plates were segmented on coronal FLASHwe images
(1.5 mm slice thickness) by a team of 7 experienced readers
and all segmentations quality controlled by one reader (S.M.).
As an outcome measure, Virtualscopics provided cartilage vol-
ume normalized to the subchondral bone area (VCtAB) and
Chondrometrics cartilage thickness over the entire tAB (ThCtAB)
for the entire medial and lateral tibia (MT/LT), the central me-
dial and lateral tibia (cMT/cLT), and the central weight-bearing
medial and lateral femur (cMF/cLF). Summary statistics of the
changes (absolute mean change (MC) and percentage change
(%)) from baseline at one year and the standardized response
mean (SRM), i.e. mean change divided by the standard devia-
tion change were calculated. Paired T-test was used to test the
hypothesis that the mean change of MRI feature is 0.
Results: On average the 75 subjects were 59.8 years of age
and obese with a mean BMI of 30.2 kg/m2. The mean change
and SRM for cartilage volume and normalized volume/thickness
are presented in Table 1. In general the SRMs were small and
similar between both techniques.
Table 1: Change in knee cartilage thickness over 1 year in the
femoro-tibial cartilage plates for DESSwe and FLASHwe
Cartilage thickness (ThCtAB or VCtAB)
DESS (VS) FLASH (CHM)
MC SD SRM % p value MC SD SRM % p value
MT -0.001 0.09 -0.01 -0.11 0.92 -0.009 0.06 -0.15 -0.55 0.19
LT -0.016 0.09 -0.18 -0.60 0.13 -0.016 0.07 -0.24 -0.79 0.04
cMF -0.045 0.12 -0.37 -2.26 0.002 -0.042 0.12 -0.36 -2.47 0.003
cLF -0.014 0.08 -0.17 -0.17 0.14 -0.003 0.07 -0.05 -0.18 0.72
cMT -0.004 0.1 -0.04 -0.31 0.72 -0.030 0.11 -0.28 -1.28 0.02
cLT -0.012 0.09 -0.13 -0.47 0.28 -0.037 0.16 -0.23 -1.18 0.04
Conclusions: These descriptive results of changes in cartilage
morphology at the one year timepoint from the ﬁrst substantive
MRI data release from the OAI Progression subcohort indicate
that the annualized rates of change are relatively small, irre-
spective of the pulse sequence (sagittal DESSwe or coronal
FLASHwe) used. With both imaging sequences and analysis
approaches, the central medial femur showed the greatest de-
tectable change, and smaller central regions appear to demon-
strate greater responsiveness.
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Purpose: Although studies have shown that gross MR T1ρ relax-
ation times increase with osteoarthritis progression, its relation
to local cartilage pathology in vivo, notably changes in the ex-
tracellular matrix, is not well understood. We investigated the
capacity for in vivo T1ρ quantitative imaging to interrogate local
osteoarthritic cartilage pathology using post-operative biochem-
istry and histology as a standard of reference.
Methods: Seven healthy controls and six osteoarthritis patients
due for total knee arthroplasty (TKA) were imaged on a 3T GE
MR scanner using a quadrature knee coil and a 3D T1ρ-weighted
imaging sequence at TR/TE = 9.3/3.7 ms; FOV = 14 cm, matrix
= 256 x 192, slice thickness = 3 mm, BW = 31.25 kHz, views per
segment = 48, time of recovery = 1.5 s, time of spin-lock = 0, 10,
40, 80 ms, frequency of spin-lock = 500 Hz.
Cartilage was segmented in sagittal SPGR images and a T1ρ
map was reconstructed by ﬁtting the T1ρ-weighted images pixel-
by-pixel to the equation S(TSL) α exp(-TSL/T1ρ). The cartilage
ROI’s deﬁned by segmentation of SPGR images were overlaid
onto the aligned T1ρ maps and further divided into local sub-
units corresponding to histology sections. Mean T1ρ relaxation
times and standard deviations were calculated for each subunit.
Z-scores rendering subunits independent of location were calcu-
lated using the data from healthy controls with the equation z =
(x - µ)/σ, where x is the mean T1ρ for each subunit, µ and σ
are the mean and standard deviation of T1ρ values in the same
subunit in controls.
Cartilage biopsy punches (∼50mg) taken from TKA specimens at
locations anatomically matched to MR images were digested in
papain and PG concentration was determined by a 1,9 dimethyl-
methylene blue based assay. A Pearson correlation determined
the relationship between T1ρ z-score and PG content. Histol-
ogy sections were taken directly adjacent to the punches. T1ρ
z-scores were grouped based on Mankin safranin-O scores for
PG content, where I = normal (saf-O score 0), II = mild PG
loss (saf-O score 1-2), III = severe PG loss (saf-O score 3-4)
and a two-tailed student t-test was used to determine statistical
signiﬁcance between groups.
Results: A signiﬁcant negative correlation between PG con-
tent by biochemistry and compartment T1ρ z-score was found
(R=0.565, p=0.034). Based on the histology grading of 73 sub-
units, Group II (mild PG loss) had signiﬁcantly higher T1ρ
z-scores than Group I (normal) (1.43±2.11 vs. 0.01±0.92,
p= 0.0004), while there was no signiﬁcant difference between
Groups I and III (0.01±0.92 vs. 0.64±2.67, p=0.304).
T1ρ z-scores by Proteoglycan Loss Severity
Group I Group II Group III
Mean T1ρ z-score 0.01 1.43 0.64
Standard Deviation 0.92 2.11 2.67
Conclusions: T1ρ z-scores were signiﬁcantly negatively corre-
lated with PG content suggesting it may reﬂect local PG loss
in cartilage at early stages of OA. This conclusion is further
supported by the observation that subunit T1ρ z-scores were
signiﬁcantly elevated in mildly reduced PG groups from nor-
mal groups. No signiﬁcant difference in subunit T1ρ z-score was
seen, however, between normal and severely reduced PG groups
due to large standard deviation in the latter group. This may be
attributed to limitations of T1ρ in areas of severely reduced PG
that show severe morphological degeneration such as cartilage
fraying and thinning. In summary, T1ρ mapping may be useful in
detecting early stage PG loss in OA lesions and thus valuable
for non-invasive diagnosis and treatment monitoring of OA.
